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TIPH 3aCTOCYBAaHHI T1IPOIUKIOHY JJIS BIZOKPEMJICHHS HACIHHA BiJ PIIMHMU 3 JETKUMH 3aBUCIUMH YaCTHHKAMH
(mkipkoro). JocaimkeHHs OyIyTh IPOIOBKEHI.
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METO/IUKA PO3PAXYHKY ITPOHECY KOHIUEHTPYBAHHA
XAPYHOBHUX PO3YHUHIB TA EKCTPAKTIB Y MIKPOXBUJIBOBOMY
BAKYYM-BUITAPHOMY AITAPATI

Pyxunbka H.B., K.T.H., aCCUCTEHT,
Pizuuuenko T.A., acnipanr, Boiitenko O.K., K.T.H., 1011eHT
Onecbka HallioOHAJIbHA aKa/ieMisi XapuoBHX TeXHoJIoriii, M. Oxeca

Anomauia. [[nsa inmencugikayii npoyecy 6axyymM-6unapio8anHs 3anponoHo8aHo 3abesnedumu piGHOMIp-
HiCMb eHepeoniosedenHs i GUKIIOUUMU NPOMIJICHUL MEeNI0HOCI 3a PAXYHOK GUKOPUCHAHHS MIKPOXGUIbOBUX
mexnonoziu. Ilpu Mikpoxeuibo8omy niogedeHHi enepeis Ha0Xxo0ums 6e3nocepeorHbo 00 MOLEKYI 600U 8 NPOOYK-
mi, ocepeoKu napoymeopeHHs GUHUKAIOMb Y 8CbOMY 00 €Mi | UKOHYIOMb (PYHKYIIO 2pilo1ol NOGepXHi.

B pesynomami excnepumenmanono2o mMo0ento8anHs npoyecy MIiKpOXeUIb08020 8AKYYM-6UNAPHOBAHHS PO3-
YUHIB YYKPY 00EPIACAHO KoeiyieHmu KpumepiaibHO20 PIGHAHHS NPpoyecy.

Hasedeno memoouxy pospaxyrky npoyecy 8aKyym-eunaproéants 6 ymosax oii MiKpoxeuib0802o nois. B oc-
HOBI MEMOOUKYU PO3PAXYHKY KDUMEPIAIbHe PIGHAHHS NPoYecy GUNAPIOBAHHS 8 YMOBAX GAKYYMY Md MIKPOXEUIbO-
68020 eHepPeONio8edeHHsl, SMIHHUMU SIKO20 € YUCIO eHepeemuyHoi Oii, be3po3MipHull napamemp nAowi 03epraid
npooykmy ma 6e3po3MipHuLl Muck. Aneopumm GKI0YAE PO3PAXYHKU MENA0PI3UUHUX 61ACTMUBOCHEN NPOOYKILY,
2e0MEeMPUYHUX XAPAKMEPUCTNUK EMHOCTI, WUBUOKOCMI 8UOANEHHA 801021, NOMOYHY KOHYEHMPAYilo CyXux pedo-
BUH Y PO3UUHI, HEOOXIOHY MPUBATICMb NPOYeCcy, sumpamu enepeii ma ekonomiyni xapaxmepucmuxu. Lukiu po-
3PAXYHKY NOBMOPIOIOMbCA NOKU KOHYEHMPAYis po3uuHy 8 anapami ciehe 3a0aHo2o O KiHYego2o NpooyKmy
3HAYEHHSL.

Hayxosi npami, Tom 82, Bumyck 1 Scientific Works, Volume 82, Issue 1
138



http://dx.doi.org/10.15673/swonaft.v82i1.1020

O(zecwca HAayIOHAIbHA AKA0eMis Xapyuosux mexHonI02iu
IHHOBAIIMHE OBJIAAHAHHA XAPYOBUX, PAPMALEBTUYHUX,
XIMIYHUX TA TAPOYMEPHIX BUPOEHUILITB

Haseoeno pezynomamu nepesipku 3anponoHo8anoi memoouxy 0 po3uuHie yykpy, kasu, cmesii. Bcmanos-
JIeHO, W0 GIOHOCHA NOXUOKA O BUSHAYEHOI 3a AN2OPUINMOM WEBUOKOCII BUOAIEHHS 80102U 8IOHOCHO eKCnepu-
MeHmy 015 po3uuHie yykpy, cmesii ma kaeu ckaadae 0,2...12 %.

Ha ocnosi po3pobaenozo Mikpoxeuibo6020 6aKyyM-6UNApHO20 anapamy 3anponoHO8aHO MeXHON02i0 ode-
Dpotcanta piokoz2o KoHyeHmpamy cmesii — npupooHo2o yykposaminnuxa. Exempaxm cmesii, axuii Hanpagisiemocs
HA KOHYEHMPYBAHHS, 00EePIACYEMbCA Y MIKPOXEUTLOBOMY eKCINPAKMOPI,a KOHYEeHMPayis CyXux peyosun y Kinye-
eomy npodykmi - oauzvko 12 %.

KaiouoBi ciioBa: MikKpoXBHIbOBE I10JI€, BAKYYM-BHIIApHI anapary, IyKpOBi pO3YHHH, CTEBIs.

METHOD OF CALCULATION FOOD SOLUTIONS AND EXTRACTS
CONCENTRATION PROCESS IN MICROWAVE VACUUM EVAPORATOR

Ruzhytska N.V., Ph.D. in Tech.Sci., Riznychenko T.A., postgraduate stud.,
Voytenko A.K., Ph.D. in Tech.Sci., associate prof.
Odessa National Academy of Food Technoogies, Odessa, Ukraine

Abstract. For vacuum-vaporization process intensification it is offered to provide energy supply uniformity
and exclude intermediate heat medium by using of microwave technologies. While microwave supply energy
comes directly to water molecules in product, vaporization centers appear in whole volume and perform func-
tion of heating surface.

As a result of experimental modeling of sugar solutions microwave vacuum vaporization the constants of
criterion equation are received.

The method of calculation of vacuum vaporization under microwave action is given. The base of the calcu-
lation method is criterion equation of vaporization under vacuum and microwave energy supply conditions,
which variables are energy action criterion, dimensionless parameter of product mirror area and dimensionless
pressure. The algorithm includes calculations of product thermophysical properties, vessel geometrical charac-
teristics, water removing velocity, current dry matter concentration, necessary process duration, energy con-
sumption and economical characteristics. Calculation cycles repeat until solution concentration in apparatus
reaches the value prescribed for the final product.

The results of verification of proposed method for sugar solutions, coffe and stevia extracts are given. It is
defined, that relative error for calculated water removing velocity relatively to experiment for sugar, coffee and
stevia solutions is 0,2...12 %.

On the base of elaborated microwave vacuum evaporation apparatus a technology of production liquid ste-
via concentrate, a natural sugar substitute, is offered. Stevia extract that is being concentrated is received in
microwave extractor. Dry matter concentration in final product is about 12 %.

Keywords: microwave field, vacuum vaporizer, sugar solutions, stevia.

Beryn. KonueHtpoBaHi pijiki Xap4oBi IPOAYKTH Ta €KCTPAKTH CMaKOBUX, ApOMATUYHUX 1 010JIOTTYHO aKTH-
BHHX PEYOBHUH 3 JOPOTOi POCIMHHOI CHPOBHHH, SIKi OAEPKYIOTh HUISIXOM BHIIAPIOBAHHS, MAIOTh TPUBAJl TEPMiHH
30epiraHHs, 3py4Hi A TPAHCIIOPTYBaHHS Ta BUKOPUCTAHHA SK Y XapyoBUX 1 (papMalieBTHUHNX BUPOOHMIITBAX,
Tax i B OOYTi.

B mporeci KOHIEHTPYBaHHS €KCTPAKTIB BUIIAPIOBAHHSIM iXHS TEIUIONPOBITHICTH 31 301TBIICHHIM BMICTY
CYXHX PEYOBHH 3MEHIIYETHCS. 32 pPaXyHOK L[LOTO Y OLIBIIOCTI ICHYIOUMX BHIIApDHUX anapariB He 3a0e3nedyeThes
piBHOMIpHE HiABECHHSA €Heprii 10 MPOAYKTy, II0 BeAe IO HOro TEPMIYHOTO MONIKOKEHHS, a TaKOX 3HIKYE
eHepreTuuHy eeKkTuBHICTH mporiecy [1]. IIpr MiKpoXBHIbOBOMY MiJBEIECHHI €HEPris HAAXOIWTH Oe3mocepen-
HBO JI0 MOJIEKYIN BOAM, a00 MOJIIPHOTO PO3YMHHHUKA B MPOIYKTI, OCKUTBKN CyXi PEUYOBHHH, K MPABHIIO, IPO30PI
JUTA panioxBuitb. OcepeaKd TapoOyTBOPEHHS BUHUKAIOTh Y BCbOMY 00°€Mi 1 BUKOHYIOTh (DYHKIIifO Tpit0d0i moBe-
pxHi. TakuM YMHOM IIJIOIIA TIOBEPXHI TEIUIOOOMiHY MMOBMHHA 301JIBIIYBATHCH HA TOPSIKU. Peami3yeThes cxema
MiABEICHHA €Heprii, Ska MoKa3aja BUCOKY €(eKTHBHICTh Y TEXHOJIOTIAX cymiHHs [2, 3].

ExcnepumenTtanbhi gocaimkenns. [Ipu excrepuMeHTalbHOMY MOETIOBAaHHI MIKPOXBHIIBOBOI BaKyyM-
BUIIApKH OYyJI0 TPOBEAEHO AOCIIN JJIsl KOHIIGHTPYBAaHHS eKCTpakTiB cTeBii Stevia Rebaudiana — npupogHoro
LYKpO3aMiHHHMKa, KaBOBOTO €KCTpakTy, po3uuHiB mykpy i NaCl. ExcrepuMeHTH NpOBOIMIMCH MiJ THCKOM
0,009...0,011 MIla, remneparypa npouecy He nepesuurysana 50 °C.

BimmiveHo, mo y Bcix AOCHigax BHTpATH KoHAeHcaty npoTsroM 10...20 XBWIMH csArainy MOCTIHHUX 3Ha-
YeHb, TOOTO anapar BUXOANUTh Ha CTalliOHAPHUN PEXUM.

VY3araipHEHHSIM €KCIIEPUMEHTAJIbHUX JITAaHUX OJICPXKaHO KpHUTepialbHe PIBHSIHHS MPOLECY KOHIEHTPYBaHHS
XapyOBHUX PIIUH Y MIKPOXBHUIBLOBOMY BaKyyM-BUTIapHOMY amnaparti (1), Ha OCHOBI SIKOTO pO3pOOJICHO METOIUKY
PO3paxyHKY BiJllIOBiAHOTO 00 THAHHSI.
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0,12
Bu=433-F2%. P (1)

6

3ajgaua MPOEKTYBaHHS MiKPOXBHIBOBOIO BaKyyM-BHIIADHOTO arapary IOB s3aHa 3 PO3PAXYHKOM BUTPAT
BTOPHMHHOI apy B yMOBax eNeKTpo(i3NIHOro IiABEeICHHS eHeprii 10 npoaykTy. Lle 1ae MOXIMBICTh BU3HAUNTH
MOTOYHI Ta KiHIIEBY KOHLEHTpPALil CyXUX PEYOBHH Y NMPOAYKTI Ta BU3HAYUTH €(DEKTHBHY TPUBAIICTH IPOLECY.
OCHOBHMMHM HE3AJIEKHUMH BXIIHMMH [IAPAMETPAMHU € MOYATKOBHMI CTaH NPOAYKTY a00 po3unny (06 €M, moda-
TKOBa KOHIICHTPAI[isl CyXUX PEUOBHH, KiHIIEBa KOHIIEHTPAIiS CYXHUX PEYOBHH, K01 HEOOXITHO JOCITTH, TEMIIE-
paTypa), peryiboBaHi IMapaMeTpH YCTAHOBKH (TE€OMETPHYHI PO3MIpH BaKyyM-KamepH, THCK y Kamepi, THToMa
MOTYKHICTB) Ta MapaMeTPH HaBKOJIHWIIIHBOTO CepeloBHINA (aTMOCHEepHHUHA THCK). 3MiHHUMH HapameTpaMu Oy-
IIyTh TIOTOYHI KOHIICHTPAIlil CYXHX PEUOBHH, TEMIIEpaTypa MPoIleCy, PiBEHb MPOAYKTY B alapari.

B pe3ynpraTi po3paxyHKy OTpIMaeMO HACTYIIHI JAaHi:

- IloTouHi KOHIIEHTpaLii CYXUX PEYOBHH Y MPOAYKTI;

- Ioryxnicts HBU-reneparopa, 1o HeoOXiHa AJsi NPOTiKaHHS IPoLeCy
- Tpusamicts nporecy

- ExoHOMIuHI Ta eHepreTH4Hi BUTPATH.

Oco0i1By yBary BapTo NPUIUINTH PO3PaxyHKY LIBHIKOCTI BUJAJCHHS BOJOTH, a00 BUTpaTaM KOHJCHCATY.
MeTol0 pO3paxyHKy € BH3HAYCHHsS BHTPAT KOHACHCATY V, MY/C. Y PO3paxyHKy V BPAaXOBYEThCS BILIHB ILIOIL
J3epKaia MpoayKTy S y BUTIISLAI 6€3p03MipHOT0 KOMITIeKCy F.

OCKUTBKH €MHICTB JUIA HPOAYKTY Ma€e (popMy FOpPU30HTAIBHO PO3TAIIOBAHOIO IMITIHApPY, HapaMeTpu S Ta
piBeHb NPOAYKTY N BU3HAYAIOTHCS 32 JOIIOMOTOI0 LIEHTPAIBHOTO KYTa 0, SIKHH PO3PaXOBYETHCS 3a BiTHOMEHHAM
TUTOIII JTHA €EMHOCTI 10 3MOYeHOi npoaykrom noBepxHi aua (BCa), pamiycy ocHOBH eMHOCTI R Ta TOBXHHU €M-
HocrTi L.

be3po3mipHuii THCK y KpUTEpiaJbHOMY PiBHSHHI BUpa)KEeHHH depe3 Oe3po3MipHE BiHOLICHHS THUCKY B ara-
pari P 1o atmocdepHoro tucky Py 3 uncia eneprerudHoi aii Bu, 3a BiZoMHX KOPUCHOT HOTYKHOCTI MiKpPOXBH-
b0BOTO 1OJIst N,, TYCTHHU KOHJEHCATY p, Ta MUTOMOI TEIUIOTH MapOyTBOPEHHS 3a JIAaHOTO THCKY I, OOYHCIIIO-
I0ThCSI BUTPATH KOHJIEHCaTy. biiok cxeMy po3paxyHKy HaBelleHO Ha puc. 1.

R,L, KP;Pﬁmepmrk

v
BCu: a
v
a=2R-sin—
v
a
h:R-[]—cosEJ
v
S=L-a
L J
B S-h
v
v
Bu=433.-F" ~(£)°-‘2
P,
v
NK'
y=—"—f—
Bu-p_-r,

Puc. 1. Biok cxema po3paxyHky mBuakocTi Buaanenns soioru (BCIIIBB).
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HaBenena BuIe cxema po3paxyHKY IIBHIKOCTI BHIAJCHHS BOJIOTH, @ TAKOX IHIINX OKPEMHX IapaMeTpiB
MPOIIECY BHUITAPIOBAHHS Ta €KOHOMIYHUX MOKA3HHKIB CKIAIAIOTh 3aralibHy OJIOK-CXEMY PO3paxyHKY MiKpOXBH-
JBOBOTO BaKyyM-BHIIAPHOTO aIapary.

AJNTOPHTM 3 NUKIIYHUM, PO3PaxXyHOK BEIEThCS 10 THX Iip, IIOKH KOHIEHTPALisl pO3YHHY HE CSATHE 3a1aHOl
KOHLEHTpALi] KIHLIEBOTO MPOAYKTY. Buxonsuu ¢ yacy, sikuil HeoOXiHUI U1 TOTO, 0O KOHIEHTPALisI PO3YHHY
csiIia 331aHOTO 3HAYCHHS Ta IiJ(BE/ICHOT MOTY>KHOCTI, MOKHA pO3paxyBaTH 3arajbHi BUTPATH €HEPrii, Ta eKOHO-
MIi4HI [TOKa3HUKH, TaKi SIK BapTICTh CIIOKUTOI eHepril £, BapTiCTh MaTepialiB Uil BUTOTOBJICHHS BHIIAPHOI €M-
HOCTI Ta MIKpOXBHJILOBOI KamepH arnapaty M.

CKkopoYeHHii aITOPUTM PO3paxyHKy arnapary 3 EMHICTIO Y opMi HmIiHApY HaBeIeHO Ha puc. 2.

P’ Pﬁ’ CO, VO: R: L‘s Na Tl: Cks Ar, Tnp
L 2
=0
A 4

T =T, +T,0,0568 ln[PL] ~0,0013

0
¥

r,+T

oo

[ BCTOBM): p(Tor), Cp(Te), 1(Tey) |

Pozuna=kaBa

BC-TOB(): p(T.,), Cp(T.,), r(T,) |
| ECTODG): o), CplT. (1) |

v
BC-TD®B(B): py, ¥«

:

N, =(N-7)/100
¥

@V p T, -1

g i

K

h J
V=V0

T

BCIIBB: v |
¥

AV =vAr |
v

|
|
| V=V-AV |
|

v
T=T+AT |
v

C

_Co'Vu

Hi

BCEN
v
Cv,V,QE, M1,

Puc.2. CxopoyeHa 6JI0K-cXxeMa pO3paxyHKY MNpolecy BHNAPIOBaHHSI Y MiKPOXBHJILOBOMY BaKyyM-
BHIIAPHOMY anapari.
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e Co, Vg — mouaTkoBi KOHIIEHTpaIlis Ta 00 €M po3duny, C — NOTOYHA KOHLIEHTPALis CyXHX PEYOBHH y PO-
3upHi, C, — KiHIIeBa KOHIIGHTPAIlisl CyXHX PEUOBHH y PO3UYHHI, Ky HeoOXimHO omepxath, # — KKJI MikpoxBu-
JHOBOi YCTAaHOBKH. 3a TEMIIEpaTypy NpoAyKTy T B amapari NpUIHATO TEMIEPaTypy KHUIIHHI PO3YMHHHKA 32 Ja-
HOTO THCKY, T,, — Mo4aTkoBa TeMIepaTypa NpoiaykTy, 7o — 6a3oBa Temmneparypa, sika gopiHioe 273 K, P —
THUCK, TIPH SKOMY KUIIUTH BOJa 3a Temieparypu Ty 7 — yac poboTu anapary, C — NOTOYHA KOHIEHTPALIsl CyXUX
peuyoBuH y po3umHi, C, — KiHIIEBa KOHLEHTpALlisl CYXUX PEYOBHMH y PO34MHI, sIKy HeoOximHo oxepxaru. BC-
T®B(11), BC-T®B(x), bC-T®B(B) — 610K-cXeMH po3paxyHKy TeIUIO(I3MYHNUX BIACTHBOCTEH IYKPY, KABOBOTO
exctpakrty Ta Boau, bCEII - 6iiok-cxema po3paxyHKy €KOHOMIYHUX ITapaMeTpiB MPOLECy Ta YCTAHOBKH.

Jlnist OLiHKM aeKBaTHOCTI METOJMKH PO3PaxyHKY, MPOBENICHO MOPIBHSHHS PE3yJbTaTiB PO3paxyHKY 3a aj-
TOPUTMOM 3 CKCIIEPUMEHTAIbHUMHE JAHUMH JUTS IyKPOBHUX PO3YHHIB Ta EKCTPAKTY KaBH (pHC. 3).

V108 M

600

500 '/./ K
.//
400 /\
300
— 6
200
100 \— 5
| T, XB
0] T
0 10 20 30 40 50 60 70 80 90 100

1 — yyxposuii posuun, 570 Bm/ke, excnepumenm, 2 - yykposui pozuut, 570 Bm/ke, pospaxynok; 3 — excm-
paxkm kasu, 495 Bm/ke, pospaxynok; 4 - excmpaxm xasu, 495 Bm/ke, excnepumenm; 5 - yykposuii pozuut, 296
Bm/ke, excnepumenm, yyxkposuii posuun, 296 Bm/ke, po3paxyHok

Puc. 3. IlopiBHsAHHS 06)€My KOHJEHCATA NPHY KOHUEHTPYBAaHHI PO3YMHIB.

BinnocHa moxuOka s 3HAYeHb IMBUAKOCTI BUAANICHHS BOJIOTH ckiana Big 1,6 mo 12% i B cepemHpOMY
ckianae 7,6 %. Takum 9MHOM, MOJIENb Ta METOUKA MOXYTh OyTH BHKOPHCTaHI ISl PO3PaXyHKY BiAIIOBIIHOTO
oOnamHaHHA. TakoX 3a 3alPOMTOHOBAHOI0 METOJIUKOIO PO3PAaXyYHKY NMPOBEACHO IMOPIBHSHHS €KCIIEPUMEHTAIBHIIX
Ta PO3PaxyHKOBUX JAHHX IS TIPOIECY KOHIIEHTPYBAHHS €KCTPAKTY cTeBil (puc. 4).

V, 108, m®

T, XB

0] 20 40 60 80 100 120 140 160

1 — 570 Bm/ke, excnepumenm, 2 — 570 Bm/xe, pospaxynok, 3 — 296 Bm/ke, excnepumenm, 4 — 296 Bm/xe,
PO3PAXYHOK
Puc. 4. llopiBHsiHHs 00° €MY KOHJIEHCATY IPU KOHIIEHTPYBAHHI €KCTPAKTY CTEBii.
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OO0roBopeHHs pe3yJabTaTiB. BizHocHa moxnOKa U1t 3HAYECHD MIBUIKOCTI BUAAJICHHS BOJIOTH cKiaina Bix 0,2
10 12 %. Takum 4YMHOM, MOJIENb T4 METOJMKA MOXYTh OyTH BUKOPHCTAHI I PO3paxyHKy BiIIOBiAHOTO 00mIaa-
HaHHS.

Ha ocHoOBi po3po0iieHOr0 BaKyyM-BHITAPHOTO amapary MPONOHY€ETHCS Ji-
Hisl 17151 BAPOOHUIITBA KOHIIEHTPOBAHOT'O €KCTPAKTY CTEBii, OCHOBHUM 00JaI-
HaHHAM SIKOi € MIKPOXBHJIBOBHH €KCTpaKToOp mepionuyHoi aii [4], y skomy
BiZI0yBa€THCS EKCTparyBaHHs 3 JMCTS CTeBii BOgoo npu Temmeparypi 40...45
°C, Ta MIKpOXBHJIbOBHUI BaKyyM-BUIIapHUII anapar.

byno oxepxaHo 3pa3ku ekcTpakTy creBil npu temmepatypi 40...45 °C,
rizpomonyisx 1:25, 1:50 B MikpoxBmiIboBOMYy moji. TpuBaiicTs Ipouecy
eKCcTparyBaHH:S He nepesuiryBana 40 xsunuH. [Ipn 1boMy OCHOBHaA Maca eKc-
TPaKTHBHUX PEUOBHH OyIlla BUIIydeHa MPOTAToM repurnx 20 xBuinH. Bramocs
BuTyuuTH 44...46% cyxoi MacH JIUCTSI.

KonuentpyBanHs nposoaunock B ymoBax THcKy 0,011 MIla, nutome

SHepromiIBeeHHs ckianano 296 Br/kr. B pe3ynbrati omepkaHO KOHIICHT-
par cTeBii 3 KOHUEHTpamieo cyxux pedoBuH 11,6 %. Takoro excrpakry
JOCTaTHBO 3...4 kparu Ha | yamky 4aro abo kaBu (puc. 5).

BucHoBkH. BuzHauansHU BIUIMB HA IHTEHCHBHICTH BUIIAPIOBAHHS YHMHATH MOTYKHICTh €JIEKTPOMAarHiTHOTO
THOJIS Ta IUIONIA BUTbHOT HOBEPXHI (I3epKaia), 3 IKOi BUAAIAETHCS YTBOPeHa mapa. Po3pobieHa Ha OCHOBI KpuTe-
piasbHOTO PIBHSHHS MPOIIECY BUMIAPIOBAHHS B YMOBaX BaKyyMy Ta MiKpOXBMJIBOBOTO MiZBEJCHHS €HEPTrii MeTo-
JIMKa pO3paxyHKy Mo)ke OyTH BHKOpHCTaHa IPH IIPOEKTYBaHHI BiAnoBinHOTO obOnanHaHHs. [lopiBHSHHS po3pa-
XYHKOBHX Ta €KCIIEPUMEHTAIbHUX JaHUX MiATBEPANIO aeKBAaTHICTh 3alIPOIIOHOBAHOT MOJIEN Ta METOAMKHU PO3-

pPaxyHKy.

Puc. 5. Konnenrpar cresii.
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